modifications resulting from quality control procedures, may have been subsequently added.
Effects of life events on infertility diagnosis: comparison with presumably fertile men and women
Infertility is diagnosed after at least 12 months of regular unprotected sexual intercourse without conceiving (WHO, 2009) , and affects approximately 9% of couples worldwide (Boivin, Bunting, Collins & Nygren, 2007) . Besides a reproductive system disease, infertility is also a biopsychosocial health problem in the sense that both causation and outcome are product of an interaction between biological, psychosocial and social factors (Leigh & Reiser, 1980) . Research has shown that experiencing infertility and its treatments can decrease quality of life (Fekkes et al., 2003; Lau, Wang, Kim, Yang & Tsui, 2008; Onat & Beji, 2012) and increase distress (Verhaak et al., 2007; Rostad, Schmidt, Sundby & Schei , 2014) . Indeed, couples report the experience of infertility as one of the most stressful events in their lives (Klonoff-Cohen, Chu, Natarajan & Sieber, 2001 ).
Stress occurs when an event is perceived to exceed an individual's personal resources (Lazarus & Folkman, 1984) . While literature is extensive with respect to stress as a result of the infertility experience (see Gourounti, Anagnostopoulos, & Vaslamatzis, 2010 , for a review), little attention has been given to the role of stress as a predictor of infertility (Kamath & Bhattacharya, 2012; Lynch, Sundaram, Maisog, Sweeney & Louis , 2014) . There is now evidence that the body's immune response can be suppressed by high levels of stress, which in turn increase the chance of infection and chronic health problems (NSCDC, 2015) . Several studies have shown a link between stress during early life stages and adult health, including depression (Honkalampi et al., 2005) , heart disease (Bomhof-Roordink et al., 2015; Dong et al., 2004) , female breast cancer (Goldsmith et al., 2010) , central arterial stiffness (Bomhof-Roordink et al., 2015) , induction or exacerbation of psoriasis (Malhotra & Mehta, 2008) and fibromyalgia (Anderberg, Marteinsdottir, Theorell & Knorring, 2000) .
Stress can also interfere with the reproductive function through an inhibitory effect on the hypothalamic-pituitary-gonadal axis (Warren and Fried, 2001) , or even supress the reproductive function (e.g. amenorrhea) (Nakamura, Sheps & Arck, 2008) . However, research on the relationship between stress and assisted reproductive technology outcomes (i.e., pregnancy or conception rates resulting from treatment) has produced mixed findings, with evidence both in favor of and against this association (see reviews of Boivin, Griffiths, and Venetis, 2011; Morreale, Balon, Tancer, and Diamond, 2010) .
These contradictory findings are in part due to how outcomes and stress are defined and assessed. Most studies focus on successful pregnancy after treatment as outcome (e.g., Boivin, Sanders and Schmidt, 2006) , but reproductive impairment is already occurring for at least one year. Additionally, reported or measured stress levels might be high but not perceived as negatively influencing the individual (Ebbesen et al., 2009) . In a recent study, Lynch and collaborators (2014) demonstrated that high stress levels can lead to a significant reduction in fecundity in women attempting to conceive.
While there is some indication that stress can affect the both female (e.g., and male (e.g., Pook, Tuschen-Caffier and Krause, 2004) reproductive function, there are no studies focusing on the impact of stressful life events on infertility diagnosis. We propose to address this gap by exploring the links between childhood, adolescence and adulthood stressful life events (regarding both occurrence and degree of attributed stress) and male and female infertility. To do so, men and women seeking fertility treatments need to be compared against control groups of presumably fertile men and women (i.e., not aware of having any reproductive difficulty). Thus, this paper examines (i) whether there are differences between infertile and presumably fertile men and women in the way they experience stressful life events, regarding both occurrence and degree of attributed stress; and (ii) whether stressful life events can predict male and female infertility. Because parenthood is one of the most taxing transitions in an individual's life cycle (Rholes, Simpson, Campbell & Grich, 2001) , we cared for controlling this potential bias by including only married/cohabiting individuals with no children.
Method

Participants
Infertile(I) and presumably fertile(PF) groups were selected using different data collection methods. The I group included 389 infertile patients (203 women and 186 men) seeking treatment at a public fertility centre (detailed information provided elsewhere on Martins, 2012 and Martins, Peterson, Almeida, Mesquita-Guimarães and Costa, 2014) . The Portuguese National Health Service partially reimburses infertility medication (69% of the total cost), and provides free access to infertility first-line treatments for women <42 years of age, and second-line treatments for women <40 years. All ovulation induction treatments are financed, as well as up to three intrauterine insemination (IUI) cycles and three in vitro fertilization (IVF) or intracytoplasmatic injection (ICSI) cycles. Infertility diagnoses were obtained through medical records. In this study, only individuals with a fertility problem were included, i.e. infertility causation had to be determined and could not be attributed to the subject's partner or to an idiopathic cause (n = 212). We further excluded 13 participants who had children, seven whose diagnosis was related to paraplegia or tubal ligation, and six who did not complete the questionnaire. PF participants were recruited for this study through an online survey (n = 245). To participate, subjects had to: a) be married or cohabiting; b) have no children; and c) not knowing of any reproductive difficulty or fertility problem. Twenty participants were excluded for not completing the questionnaire.
The final sample had a total of 376 subjects, with 151 I (74 men and 77 women), and 225 PF (95 men and 130 women). 
Procedure
Measures
Socio-demographic variables were obtained using a specifically designed questionnaire that assessed age, marital status, cohabitation length, and parity. Infertility diagnosis was assessed via medical records.
The Life Event Inventory (Anderberg, et al., 2000) assesses the number of life events an individual experiences throughout life. The questionnaire covers both childhood/adolescence (11 items; e.g., "conflict with parents") and adulthood (19 items; e.g., "severe disease or accident"). In this version, the subject was asked to rate the extent to which events were stressful if they had occurred, using a five-point Likert-scale (1 = "not stressful"; 5= "extremely stressful").
Statistical Analyses
Statistical analyses were performed using the Statistical Package for Social Sciences (SPSS, version 21). First, in order to check for possible confounders, statistical comparisons were conducted with socio-demographic variables using independent samples T-tests. Variables revealing to be significantly different between I and PF groups were then analysed for association with occurrence of life events and attributed degree of stress using Spearman's and Pearson correlation coefficients, respectively.
To analyse differences between I and PF subjects in the occurrence of life events, cross-tabulation analyses using the Chi-square test (Exact method) were performed.
Differences concerning the level of stress attributed were analysed using independent samples T-tests.
The influence of stress attributed to life events on the diagnosis of infertility was tested using multiple logistic regressions analyses. Given that age is expected to have a significant role in both male and female infertility diagnosis (Belloc, Hazout, Zini, Merviel, Cabry, Chahine, Copin & Benkhalifa,, 2014; Bretherick, Fairbrother, Avila, Harbord & Robinson,, 2010) , we controlled for age in both models (step 1). Mean degree of stress attributed to both childhood/adolescence and adulthood life events were entered as independent variables in step 2. All analyses were performed separately for men and women.
Results
Descriptive results
Average age was 30.52 years (SD = 5.979) for PF subjects and 33.08 (SD = 5.104) for I subjects. I subjects were significantly older than PF subjects (t(352,028) = 4.438, p < .001). Infertile subjects had been living together for an average of 6.33 years (SD = 3.474) and PF participants for 4.14 years (SD= 4.22) (t(374) = 5.288, p < .001). Because these significant differences were observed between groups, we analysed the association between these variables and the occurrence of life events and attributed stress before proceeding (data not shown). Regarding the occurrence of stressful life events, age and cohabitation length were positively associated with sexual assault in childhood/adolescence and adulthood, death of a parent in childhood/adolescence and adulthood, and a serious disease or accident affecting the individual or someone close during adulthood. Cohabitation length was also positively associated with the occurrence of problems with the partner's family. As for the experienced stress associated with the occurrence of life events, both age and cohabitation length were positively correlated with the stress inherent to the death of a parent in childhood/adolescence and adulthood. Age was positively associated to sexual assault in adulthood stress, and to the stress of having a serious disease or accident experienced by the self or someone close in adulthood, but negatively correlated with stress in a conflict with someone close. Bullying in childhood/adolescence was negatively associated to cohabitation length. Table 1 depicts results concerning the occurrence of life events for I and PF subjects and respective impact. Statistics are presented separately for male and female subjects.
On average, participants reported a mean number of 4.78 (SD = 2.74; range 0-11) stressful life events during childhood/adolescence, and 9.65 (SD = 4.81; range 0-19) during adulthood, with a mean degree of stress of 3.91 (SD = 1.08) in childhood/adolescence, and of 4.05 (SD = 1.21) in adulthood.
Significant differences regarding occurrence were only found in eight life events out of 31 in both male and female groups. While higher occurrences were reported by I individuals in the male group (viz., negligence during childhood/adolescence; sexual assault, serious disease or accident of someone close, and death of a parent both during childhood/adolescence and adulthood; and physical or psychological abuse during adulthood), in the female group differences were observed in both directions, with five events occurring more frequently for PF women (death of someone close and bullying during childhood/adolescence; conflict with partner, conflict with someone close, and support to someone close during adulthood) and three significantly more reported by I women (death of a parent both during childhood/adolescence and adulthood, and serious disease or accident during adulthood).
As for the degree of stress attributed to life events, significant results were observed in 11 events for men and in 14 events for women. I men reported significantly higher stress in 6 events (negligence during childhood/adolescence; and physical or psychological abuse, serious disease or accident, death of a parent, bullying, and sexual difficulties during adulthood), and lower stress in 5 comparing to PF men (support to someone close both during childhood/adolescence and adulthood; and lack of control of work situation, financial problems, change of employment status during adulthood) . In the female group, I women exhibited significantly higher stress levels in only 2 events (sexual assault and death of a parent during adulthood), and significantly lower stress in 13 events (conflict with parents and support someone close during childhood/adolescence; physical or psychological abuse and bullying both during childhood/adolescence and adulthood; and conflict with partner, lack of control of work situation, financial problems, change of employment status, partners' change of employment status, sexual difficulties, and problems with family during adulthood). Table 2 presents the regression coefficients, odds ratio (OR) and 95% confidence intervals (CI) for infertility by age, degree of stress related to life events during childhood/adolescence, and degree of stress related to life events during adulthood, for men and women separately. 
Effects of stress attributed to life events on infertility diagnosis
Discussion
The purpose of this study was two-fold: (i) to test whether infertile subjects report more occurrence and higher stress levels in life events than presumably fertile subjects;
and (ii) to test whether the amount of stress attributed to life events during childhood/adolescence and adulthood predicts an infertility diagnosis. Not only was this the first study to focus on the impact of stressful life events on infertility diagnosis, but also the first to compare a group of infertile subjects with a cause attributed to themselves to a group of childless presumably fertile individuals. In general, results from this study showed that there is no evidence supporting the hypothesis that infertile individuals might have suffered a higher number of stressful events than fertile individuals or that the stress caused by these events can influence an infertility diagnosis. Our results support Whischmann's (2003) point of view against the assumption of a "psychological blockade" in connection with infertility.
When taking gender into account, results concerning both the occurrence and the degree of stress attributed to life events support this lack of association. Similarities between men and women results regarding the frequency of events were only found in the death of a parent both during childhood/adolescence and adulthood and sexual assault during adulthood, with both I women and I men reporting a larger frequency than PF groups. Age was also positively associated with the occurrence of these particular events.
While these associations could help explain these findings, given that I groups were significantly older than PF groups, the interval is only of 2,5 years. There were also variables in which the differences found were in opposite directions according to gender.
For instance, I men reported sexual difficulties as more stressful than PF men, but I women reported less stress than PF women. This result is in accordance with previous evidence showing that infertile men report a higher prevalence of sexual dysfunction and infertile women report higher levels of desire (Monga, Alexandrescu, Katz, Stein & Ganiats, 2004) due to the pressure of procreative sex and compliance with the calendar (fertile window) by initiative of the female partner. Finally, while I women were more stressed from physical or psychological abuse and bullying than PF women, the opposite was verified in the men groups. Considering that participants rated these experiences while going through the experience of infertility, we can speculate that infertile subjects might relate these events with the fertility problem itself. For example, women disclose infertility to more people and suffer higher stigma than men (Slade, O'Neill, Simpson & Lashen, 2007) , and hence would classify these events as bullying and psychological abuse. Another speculative hypothesis is interpreting daily injections and invasive examinations that are part of treatment as physical abuse.
On the other hand, as facing infertility is one of the most distressing challenges a couple can experience (Greil, Slauson-Blevins, & McQuillan, 2010) , one has to consider the possibility that stress related to past events may not be as burdensome as the current event subjects are going through, i.e., the experience of infertility. Having to cope with infertility might generate lower stress ratings in events such as lack of control of work situation, financial problems, or change of employment. This seems to be particularly true for women, as findings revealed a clear tendency for PF women to rate life events during adulthood as more stressful than I women.
Both male and female regression analyses showed that the effect of stress levels attributed to life events during childhood/adolescence and adulthood was not significant in the infertility diagnosis. As expected, age had a significant effect on infertility in both genders. This result is consistent with previous evidence indicating age as the main risk An additional explanation for the lack of significance between stressful live events and diagnosed infertility is the fact that individuals may already be engaged in psychological strategies to cope with their past negative life events. In other words, in order to cope and/or adjust to emotional hard events, participants may have used selfregulation strategies such as reappraisal, suppression, or cognitive dissonance-reduction through-out life -and the use of such strategies may have buffered the reported stress levels. Additionally, the level of stress associated with past life events may not be remembered with the real veracity (Smith, et al, 1999) . Finally, the stress related to life events can have a different duration in time, thus having different impacts on the reproductive system. Knowing that different stressful stimulus can lead to different types of stress (chronic or acute), we may expect them to interfere with the reproductive system differently (Lynch et al., 2014) .
Although groundbreaking in its aims, this study presents some limitations. One possible weakness lies in the sample size and low power to test the null hypothesis, as our absence of evidence does not necessarily means that there is evidence of absence of difference between the two groups (Altman & Bland, 1995) . Second, the retrospective nature of psychosocial data can implicate cognitive or emotional bias, particularly when it refers to events during childhood. Furthermore, results could have been skewed by the emotional state of infertile subjects at the moment of assessment. The fact that these individuals were experiencing the demanding experience of infertility at that time can have led them to devalue past life events, particularly the ones occurred during adulthood.
Future studies can investigate if infertility distress levels are associated with the amount of distress recalled from former events. Furthermore, prospective studies encompassing the stressful life events that individuals experience throughout the life span would be needed in order to determine the impact of such events in infertility more accurately.
Third, information about the specific pathologies behind the infertility diagnosis of each participant was limited. By excluding the individuals with pre-existing reasons for fertility problems (namely, paraplegia and tubal ligation), we were able to examine the association between stress and natural non-conception solely (whatever the biological problem under the infertility diagnosis was). However, the diagnosis of infertility may reflect a significant amount of specific reproductive problems, such as hypogonadotropic hypogonadism (Wiser, Sandlow & Kӧhler, 2012) in men, or endometriosis (Asmaeilzadeh, Mirabi, Basirat, Zeinalzadeh & Khafri, 2015) , chronic pelvic inflammatory or failure of ovulation in women (Abarikwu, 2013) . In other words, this study did not distinguish among the various pathologies referenced in infertility diagnosis with female and male factor, as it is possible that, for example, stress affects infertility via chronic pelvic inflammatory disease, but not tubal obstruction. Additionally, although all PF participants reported not knowing of any reproductive difficulty or fertility problem, the lack of a fertility problem was not medically confirmed, and some could have been trying to conceive for a long period and hence suspect that one of the partners or both member might have infertility. Finally, the fact that age and cohabitation length were associated with occurrence and stress of some life events requires us to carefully interpret results. Other variables related to the life-span may influence the relationship between life events and diagnosis of infertility. For example, the fact that cohabitation length was negatively associated with the stress induced by death of a parent suggests a buffer effect of the significant romantic relationship in the individual's levels of stress related to the life event.
Further studies should explore potential protective factors regarding the impact of stressful life events in infertility. Although this study shows no evidence that the stress attributed to a number of life events throughout the life span can have an impact on male or female infertility, the retrospective nature of this study prevents us to firmly conclude the lack of influence of stress related to life events in infertility. Additional research is needed, focusing in both intensity and duration of the stress induced by life events and its impact on different causations of male and female infertility. Honkalampi, K., Honkalampi, K., Hintikka, J., Haatainen, K., Koivumaa-Honkanen, H., Tanskanen, A., & Viinamäki, H. (2005) . Adverse childhood experiences, stressful life events or demographic factors: which are important in women's depression?
A 2-year follow-up population study. Australian and New Zealand Journal of Psychiatry, 39(7) , 627-632. 
